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Background: Autologous fat is considered an ideal filler material, and the use of cryopreserved
fat grafts is promising in terms of flexibility and efficiency. Therefore, cryopreserved fat grafts have
become more common in recent years; however, their complications require further consideration.
Methods: \We evaluated 53 patients who underwent facial lipofilling at our institution to confirm
the clinical usefulness and safety of cryopreserved fat. Fresh fat injections with or without cryo-
preserved fat were administered. At one or more sites, 22 patients had a single fresh fat injection,
four patients had two or more fresh fat injections, 16 patients had one fresh fat injection followed
by one cryopreserved fat injection, six patients had one fresh fat injection followed by two cryo-
preserved fat injections, and five patients had two fresh fat injections and one or more cryopre-
served fat injections.

Results: In total, 281 sets of injection procedures were performed at various sites, of which 170
involved one fresh fat injection, 89 involved one fresh fat injection and one cryopreserved fat in-
Jection, and 11 involved one fresh fat injection and two cryopreserved fat injections. One patient
experienced self-resolving inflammation as a complication after the second injection in the right
cheek. No statistically significant differences were found between the fresh and cryopreserved
fat injections.

Conclusion: We suggest that cryopreserved fat is a useful and safe resource for multiple fat in-

jections, with advantages including aseptic fat handling and the delicacy of the technique.
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INTRODUCTION

Autologous fat injection (AFI) is performed widely in plastic
surgery; it is used in cosmetic surgery for rejuvenation or vol-
ume augmentation of the face, breasts, and other parts of the
body and in reconstructive surgery for the correction of contour
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deformities or the treatment of scar contracture or radiation in-
juries [1]. Autologous fat is considered to be an ideal filler mate-
rial because it causes fewer adverse reactions than other fillers;
furthermore, it is biocompatible because it is the patient’s own
fat. Harvesting autologous fat using liposuction is a comfortable,
repeatable, and low-cost procedure for most patients [2].
However, the main problem associated with AFI for augmen-
tation is the variable rate of absorption or necrosis at the grafted
site. Transplant survival rates measured in terms of absorption
or necrosis range from 30% to 80% [3]. In light of this variation,
surgeons often perform overcorrection or repeated procedures,
but patients may experience discomfort and dissatisfaction, an
increased financial burden from the expenses associated with
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these procedures, and morbidity or trauma at the donor site.
The remaining fat after the injection is usually discarded, which
has spurred surgeons to explore ways of utilizing that fat. Ac-
cordingly, it has become increasingly common to utilize fat that
has been cryopreserved after the initial fresh fat graft [4]. How-
ever, the fat that is cryopreserved after grafting is retained as
dead and fibrous tissue, which may be associated with an ele-
vated risk of clinical complications, such as oil cysts [5-7].

Very few clinical studies have investigated complications re-
lated to the use of cryopreserved fat. In this study, we present an
analysis of our clinical results from facial lipofilling, with a
comparison between fresh fat and cryopreserved fat injections.

METHODS

We analyzed the clinical records of patients who underwent fa-
cial lipofilling within the past 10 years and collected informa-
tion about the injection site, the amount of fat injected, the
number of fat injections, side effects, complications, and man-
agement. Fat injection-related symptoms included infections or
inflammatory signs such as swelling, a palpable mass, or ten-
derness on the face. We excluded patients with a history of skin
care procedures, such as chemical peeling or laser treatment,
and dermatological skin lesions, such as acne. Sixty patients re-
ceived fat injections. Fifty-one of these patients had no abnor-
mal symptoms, while the remaining nine had inflammation or
infections. Fifty-three of the 60 patients received fat injections
at our institution, including seven men and 46 women. Their
mean age was 48.6 years (range, 21-77 years). Seven patients
were excluded from the statistical analysis because they were
referred to our institution with fat injection-related symptoms,
but did not receive the injections at our institution.

The study was approved by the Institutional Review Board of
Kyung Hee University Hospital (IRB No. 2019-09-042-003) and
performed in accordance with the principles of the Declaration
of Helsinki. Written informed consent was obtained from pa-
tients.

Surgical technique

Fat was processed by manual harvesting using a tumescent fluid
technique from the thigh or lower abdomen and centrifuged at
3,000 rpm for 3 minutes aseptically. We did not use cell-assisted
lipo-transfer. Fat injections were performed using blunt Cole-
man infiltration cannulas (styles I and II) with the retrograde
linear thread and fan technique. We ensured that the injected fat
was spread evenly, without accumulating at a single point. After
the injection, we applied an open dressing without compression
and prescribed oral antibiotics and anti-inflammatory medi-
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cines for 5 days and oral prostaglandin for 14 days. For subse-
quent injections, we used cryopreserved fat, which was prepared
by thawing. Except for the thawing step, the procedure for in-
jecting cryopreserved fat was the same as the usual method. We
used the cryopreserved fat within 6 months of frozen storage.

Statistical analysis

For statistical analyses, the Pearson chi-square test was per-
formed to examine the associations between variables, and p-
values < 0.05 were considered to indicate statistical significance.
Statistical analyses were performed using SPSS version 25.0
(IBM Corp., Armonk, NY, USA).

RESULTS

Twenty-two patients had a single fresh fat injection, four pa-
tients had two or more fresh fat injections, 16 patients had one
fresh fat injection and one cryopreserved fat injection, six pa-
tients had one fresh fat injection and two cryopreserved fat in-
jections, and five patients had two fresh fat injections and one
or more cryopreserved fat injections (Table 1, Fig. 1).

Table 1. Type of fat injections at single sites

Type of fat injection Number
1 Injection of fresh fat only 22
2 Or more injections of fresh fat only 4
1 Injection of fresh fat+1 injection of cryopreserved fat 16
1 Injection of fresh fat+2 injections of cryopreserved fat 6
2 Injections of fresh fat+1 or more injections of cryopreserved fat 5

Fig. 1. (A) A 27-year-old woman with a flattened forehead, hol-
lowed temporal area, sunken cheek, and low nasal dorsum. Fresh fat
injections were performed in the forehead, both temporal areas,
both lateral cheeks, and the nasal dorsum, with a total injection vol-
ume of 48 mL. Two months later, another set of fresh fat injections,
with a volume of 25 mL, were performed in the same area. (B) Five
months after fat injection, the hollowness on both sides of the lateral
temporal area and cheek had disappeared.
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Opverall, the most frequent site of fat injection was the nasola-
bial groove, followed in order by the cheek, forehead, and tem-
ples. However, the forehead was the most common site of injec-
tion in patients who received injections at only a single site. In
total, 281 fat injections were performed, consisting of 170 fresh
fat injections, 89 cryopreserved fat injections as the second in-
jection, and 22 cryopreserved fat injections as the third injec-
tion. Complications occurred only in one patient, in whom
signs of inflammation appeared after the second injection in
the cheek, in which cryopreserved fat was injected (Table 2).
The amount of fat injected by site and according to whether

Table 2. Number of fat injections by site
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fresh or cryopreserved fat was used is shown in Table 3. The
complication rate was 0.36% in all fat injections, 0.12% in sec-
ond injections with cryopreserved fat, 0.90% in all cryopre-
served fat injections, 3.57% in cryopreserved fat injections in
the cheek, and 1.80% in fat injections. The mean interval be-
tween injections was 3.42 months (range, 1-8 months; data not
shown). No complications occurred after fresh fat injections
(the first injections). No statistically significant difference in the
complication rate was found between patients who received
only a fresh fat injection and those who received one fresh fat
injection and one cryopreserved fat injection (p=0.197). In the

Sum of second

Average follow-up

Site First injection  Second injection”  Third injection® and third injections Total injections Complications Symptoms (mo)

Nasolabial groove 48 24 7 79 14.4

Cheek 40 21 7 68 1 Second injection; 10.8

tenderness, mass

Forehead 25 18 2 45 141

Temple 26 9 3 38 139

Lower eyelid 14 7 0 21 5.8

Upper eyelid 8 3 0 11 71

Nose 6 1 1 8 20.8

Jowl 2 4 2 8 8.3

Jaw (chin) 1 2 0 3 8.0

Sum 170 89 22 281 1

Bilateral fat injections in the nasolabial groove, cheek, temple, eyelid, and jowls were counted as two cases.

ACryopreserved fat injection.

Table 3. The average amount of fat injections by site and counts

Site _ First “Second ~ Third Sum of second and third ~~ Total First Second Third

injection? injection® injection® injections injections Min/Max Min/Max Min/Max

Nasolabial groove  Left 2.3 1.9 1.7 3.6 59 1.0/5.0 0.5/4.5 0.5/3.0
Right 6.8 2.2 2.3 45 11.3 0.9/3.5 0.9/5.5 0.5/3.0

Cheek Left 615 3.2 2.4 5.6 11.1 1.8/11.0 1.5/8.0 1.0/5.0
Right 5.7 3.9 3.0 6.9 12.6 1.8/7.0 1.5/7.0 1.5/4.0

Forehead 14 7.6 3.3 10.9 22.3 2.0/20.0 1.1/16.0 3.0/35

Temple Left 59 2.07 3.0 5.0 10.9 1.0/20.0 1.5/3.5 2.5/3.0
Right 5.6 2.9 2.8 5.6 11.2 1.0/14.0 1.0/4.0 1.0/5.0

Lower eyelid Left 1.2 0.8 2.0 0.5/4.0 0.5/1.2 -
Right 0.9 0.7 1.6 0.5/2.2 0.5/1.0

Upper eyelid Left 0.8 1.3 2.1 0.6/1.3 1.0/1.5 -
Right 0.8 1.0 1.8 0.5/1.3 1.0d)

Nose 2.0 14 1.5 2.9 49 0.1/4.0 14 1.5

Jowl Left 15 1.1 2.0 31 4.6 1.59 0.6/1.5 2.0
Right 15 1.3 3.0 43 5.8 1.59 0.5/2.0 3.0

Jaw (chin) 0.5 2.0 7.0 5.0 2.0 -

Values are presented as values in cubic centimeters (mL).
Min, minimum; Max, maximum.

IFresh fat injection; "Cryopreserved fat injection; “The minimum amount was the same as the maximum amount in these categories because they only contained one case; “There

was only one case.
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Fig. 2. (A) A 21-year-old woman with swelling, tenderness, and redness on the forehead and both upper eyelids and intermittent difficulty
opening the eye at 1 week after receiving a cryopreserved fat injection in the forehead. After incision and curettage on the forehead and eye-
brow, daily irrigation and curettage through the incision were performed for 3 weeks. (B) She had no recurrence of inflammation during a
5-month follow-up. (C) Sixteen months after treatment termination, a depression in the forehead was seen. (D) After the second set of autolo-

gous fat injections.

cheek, the complication rate was 1.47% of all fat injections,
4.76% of second injections, and 3.57% of cryopreserved fat in-
jections. We found no statistically significant difference in the
complication rate (p=0.215) between patients who received
one fresh fat injection and those who received second and third
cryopreserved fat injections. Nine patients had inflammatory
signs, of whom eight underwent surgical treatment, such as in-
cision and drainage, curettage, and excision (Fig. 2). Of those
patients, seven received a second injection containing cryopre-
served fat, for a total of two injections at a 1- to 3-month inter-
val, whereas the remaining patients received a cryopreserved fat
injection at approximately a 1-month interval. The mean inter-
val between the injections was 1.56 months.

DISCUSSION

In recent years, AFI has been performed widely in plastic sur-
gery. Autologous fat is considered to be an ideal filler material
because it causes fewer adverse reactions than other fillers; fur-
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thermore, since it is the patient’s own fat, it is biocompatible.
Harvesting autologous fat through liposuction is a comfortable,
repeatable, and low-cost procedure for most patients [2]. The
American Society of Plastic Surgeons organized a task force to
assess the safety and efficacy of autologous fat grafting and re-
ported it to be safe and to have a low risk of complications [8].
Common complications of AFI include patient dissatisfaction,
acne, calcification, infection, skin necrosis, hematoma, pares-
thesia, and asymmetric or irregular contours. Blindness due to
occlusion of the ophthalmic artery and cerebral infarction are
serious complications that have been reported in some cases.
However, the main obstacle associated with AFI for augmenta-
tion is the unpredictability of the outcomes due to variable, but
high, absorption or necrosis rates at the grafted site [3]. Due to
the difficulty of predicting the final outcome, surgeons often
perform overcorrection or repeated procedures, which may
cause patients to experience discomfort and dissatisfaction, an
increased financial burden from medical expenses, and mor-
bidity or trauma at the donor site. For these reasons, multiple
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uses of cryopreserved fat may elevate the possibility of recipi-
ent-site complications, such as low-grade inflammation, fat ne-
crosis, and infection.

The risk of contamination is higher for cryopreserved fat than
for fresh fat. Fresh fat can be contaminated during basic pro-
cesses such as harvesting and centrifugation, but cryopreserved
fat can also be exposed to contamination during additional
processing steps such as freezing, storage, and thawing. Micro-
organisms can grow at low temperatures and in anaerobic envi-
ronments during storage, causing infections at the grafted site
after a fat injection; such infections are problematic, even if the
causative microorganisms are of low virulence [9]. Further-
more, free oil can form and cryopreserved fat can leak as a re-
sult of intracellular ice formation. In 1972, Mazur et al. [10] re-
ported that below the freezing point, pure crystalline water-
containing ice grows and the unfrozen fraction in the space be-
tween the growing ice contains all cells and solutes. As cooling
continues, the volume of the unfrozen fraction decreases and
its concentration increases. The increased osmotic pressure
causes water to flow out of the cells. However, an appropriately
slow cooling rate ensures sufficient water efflux from the intra-
cellular environment, minimizing intracellular ice formation.
Ultimately, the viscosity of the unfrozen fraction becomes too
high for any crystals to form, and the unfrozen fraction turns
into an amorphous state without ice crystals. However, a very
slow cooling rate can cause total dehydration, which is lethal to
the cells. In contrast, when the cooling rate is too fast, there is
inadequate time for water to leave the cells and intracellular ice
forms, which results in cell death in the cryopreserved fat [10].

Controversy persists regarding the viability and safety of cryo-
preserved fat. However, the use of appropriate medical proto-
cols and cryopreservation techniques can ensure higher levels
of viability and safety, with lower risks of complications than
other surgical procedures [11-13]. Freezing, storage, and thaw-
ing are also essential processes when using cryopreserved fat.
Many studies have been conducted to determine the best freez-
ing, storage, and thawing conditions for appropriate medical
protocols and cryopreservation techniques. As mentioned ear-
lier, in the freezing process, an appropriate cooling rate is re-
quired to prevent intracellular ice formation, with a widely used
rate being 1°C/min. Cells frozen at —20°C were found to be
more viable than those frozen at —196°C [14]. Furthermore, the
longer the storage period, the less viable cryopreserved fat is
obtained after thawing [15]. In the thawing process, the recov-
ery rate of antioxidant capacity and the neutralization of oxygen
radicals may increase with the thawing temperature. Hwang et
al. [16] reported that rapid thawing of cryopreserved fat in a
water bath at 37°C maintained high mitochondrial activity and
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minimized cell damage.

Staphylococcus aureus is a common cause of inflammation in
patients who undergo cosmetic skin surgery. However, in cases
of chronically persistent lesions that are slowly reactive or non-
reactive to conventional antibiotics, the presence of nontuber-
culous mycobacteria (NTM) must be considered. In addition, if
inflammation does not occur immediately after fat injection, it
is necessary to consider the possibility of infection with atypical
mycobacteria such as Mycobacterium chelonae and M. absces-
sus, known as rapidly growing mycobacteria (RGM) [17].
These cause skin infections through skin wounds from invasive
procedures such as injection, tattooing, and liposuction [18].
Nonspecific symptoms, including painful nodules, swelling,
and abscess formation, appear in patients with RGM infections
[19]. In addition to the difficulties posed by their nonspecific
presentation, atypical mycobacterium infections are difficult to
diagnose using conventional methods. Acid-fast bacilli staining
has been reported to be positive for only 11%-27% of cases in a
previous study [20]. Compared with other methods, molecular
biology techniques such as polymerase chain reaction (PCR)
may be useful because of their high sensitivity and accuracy
[21]. NTM infection may be considered if a delayed infection
occurs after an AFI and conventional antibiotics are ineffective.
Antibiotic sensitivity tests using empirical antibiotics and diag-
nostic methods such as PCR should be performed to diagnose
an NTM infection [22]. If the treatment response is slow or no
improvement is observed, surgical procedures such as debride-
ment and excision might also be useful [23].

In the present cases, patients with signs of an acute infection
were treated surgically. They experienced no recurrence and re-
ceived an additional autologous fat graft for contour recovery.
Surgeons who perform fat injections must keep in mind that le-
sions showing inflammatory signs after a fat injection will have
a complicated clinical course. Moreover, although it was diffi-
cult to compare the referred cases and our cases, a marked dif-
ference was found between these groups in the interval between
injections (1.56 months vs. 3.53 months). The survival rate
generally stabilizes 3 months after the graft [24-28]. Further-
more, a longer interval is suitable for promoting the survival of
previously inserted fat and recovery from the inflammatory en-
vironment induced by the fat injection. In addition, a large graft
volume in a small area will show a lower survival rate compared
than a small amount grafted in a large recipient area [29]. It has
been reported that in Asians, a relatively large amount of fat
must be injected into the forehead to create a thick blanket of
fat for esthetic purposes, and under such circumstances, the an-
oxic central core of the grafted fat might be larger. The cheek
looks like a basin and has a retaining ligament, the zygomatico-
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cutaneous ligament (also known as McGregor’s patch) [30].
The small spot at the center of the depressed area requires
much more fat to be grafted than the peripheral area, while the
retaining ligament grabs the skin, preventing outward expan-
sion. These factors may cause surgeons to overlook the effect of
a graft or the presence of a new dimple, resulting in a tendency
to perform overinjections, which carries the risk of complica-
tions. In any case, critical factors in micro-fat grafting include
the relocation of mature adipocytes to the perfusion-rich layer
and reduction of the anoxic central core fragment, resulting in
failure of the apoptotic pathway [31]. We found no significant
differences in the complication rate according to whether fresh
or cryopreserved fat was used for AFI, indicating that careful
handling and adequate technique protect from the anticipated
complications of fat injection using cryopreserved fat.

A limitation of our study is its relatively small sample size.
Moreover, it is necessary to study the relationships between
complications and the interval of fat injections in patients who
received facial lipofilling with a fresh fat injection followed by a
cryopreserved fat injection on an atypical schedule.

Regarding the technique, elimination of free fat oil and nonvi-
able components through centrifugation or mesh techniques
may be useful for decreasing resorption [32] and the incidence
of foreign body reactions. Furthermore, a blunt cannula, not a
sharp one, should be used. Pre-tunneling and fat injection
should be carefully and gently performed to prevent vessel
damage because performing these procedures without a suit-
ably delicate technique can cause fat embolism, resulting in se-
rious complications such as blindness and tissue necrosis [9].

All injectable fillers cause normal foreign body reactions,
which may develop into a foreign body granuloma in some pa-
tients. Depending on the injectable filler material, the histologi-
cal reaction and permanence differ. The following five types of
fillers are distinguished: autologous fat, natural fillers such as
collagen and hyaluronic acid, fluid fillers such as fluid silicone
and acrylamides, particulate materials such as polymethylacry-
late, and microspheres such as resorbable dextran and poly-
methylmethacrylate [33]. As the immune response to various
filler materials differs, and it remains unknown whether they
cause late inflammation or granuloma formation, patients
should be informed about the benefits and risks of cryopre-
served fat injections, even autologous fat grafts, when choosing
the appropriate fat injection technique.

In summary, clinical reports on the results of cryopreserved
fat injections are rare. Our findings reveal no significant differ-
ences in the clinical outcomes of fat injections according to the
use of fresh fat or cryopreserved fat. Accordingly, cryopreserved
fat is a useful and safe resource for multiple fat injections, with
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advantages including aseptic fat handling and the delicacy of
the technique.
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